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Abstract 
Aluminium foaming via melt route by using calcium carbonate (CaCO3) is far known since a few years ago. However, some 
other carbonates have not been explored, or results on them have not been reported in sufficient detail. This work presents the 
results of a systematic study on the evaluation of foamability by using an alternative mixture of carbonates with molten 
aluminium. Foams were obtained by varying the carbonates content, the mixing and the foaming time, both in single and double 
step processes. Moreover, the addition of low amounts of TiH2 in combination with these carbonates was also tested. The 
experimental results suggest that it should be possible to obtain foams with a similar quality and lower costs than other 
commercialized products, although further improvement is still needed. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Scientific Committee of North Carolina State University.  
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1. Introduction 
Aluminium foaming via melt route has been widely studied in the last years due the better chances that this 
method offers in comparison with PM route (production rate, costs, etc). Among all known melt route recipes for 
foaming aluminium alloys, the use carbonates in a continuum process is one of the few successfully commercialized 
techniques. This route is based on the use of CaCO3, having a dual effect: generation of both stabilizing metal oxides 
and blowing gas as shown by Curran (2003) and Bryant et al. (2008). This is a clear advantage in comparison with 
other foaming agents, such as TiH2, because the use of extra stabilizing particles/additives can be avoided as in 
Miyoshi et al. (2000). Furthermore, CaCO3 decomposition presents an elevated onset temperature (Figure 1), in 
comparison to TiH2 with an early gas release which have as a consequence dispersion problems, too fast expansion, 
eventual TiH2 burning, etc which drives to the use of pre-treated powders as in Gergely et al. (2000).  
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Figure 1: TG curve of the carbonate used in this work (black), in 
comparison with TG curve of CaCO3 (grey). 
Fig. 2. Cross section of foams produce in single-step process. (a) 
1.5wt.%, 1min, 60sec; (b) 2.5wt.%, 1min, 60sec; (c) 5wt.%, 1min, 
60sec; (d) 1.5wt.%, 1min, 30sec; (e) 1.5wt.%, 1min, 120sec; (f) 
1.5wt.%, 3min, 120sec. Values indicate (%powders, tmixing, tfoaming). 
 
On the other hand, the mentioned dual effect offers the possibility of producing foams in one (stabilization and 
expansion) or in two steps (full oxidation first, followed by a second step where the expansion gas is generated). In 
both cases acceptable relative densities (0.2 - 0.4) and good cellular structure can be obtained, although better results 
are achieved by using a two-step process (Byrant et al. (2008)). 
   The foaming process with CaCO3 also presents some disadvantages. First, the working temperatures are higher 
than when using TiH2. This has detrimental effects on the stability during the liquid and solidification stages as 
shown by Mukherjee et al. (2010). Second, higher amount is generally required to reach the same expansion factor 
(up to 10wt.% in comparison to 1.5wt.%, max., of TiH2). Considering the current trend of TiH2 price, the process 
using carbonates could become less competitive in the near future. Another consequence is the higher fraction of 
oxidizing sub-products, which lead to more brittle mechanical behavior. Finally, most works done are focused on 
CaCO3 (Gergely et al. (2003), Kevorkijan (2010)), leaving a lack of research on other types of carbonates. 
   For all these reasons, this work evaluates the foamability of aluminium alloys by using an alternative carbonate 
to CaCO3: a mixture of magnesite and dolomite, with an expected higher efficiency on dealing with the mentioned 
difficulties. To this end, various parameters of the production process were modified (concentration, mixing and 
foaming times and processing steps) and the obtained foams were characterized in terms of their expansion factor 
and their internal structure. 
 
 
Fig. 3. Single-step foaming samples. (a) Expansion efficiency: (H-hd)/H. (b) Relative density of the core part. 
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2. Experimental 
2.1. Materials 
The alternative carbonate proposed and evaluated in this work is commonly known as “flotation sterile”. It 
naturally consists on a mixture of magnesite and dolomite coarse powders (<250μm). The main advantage of this 
material, in comparison to commercial TiH2 or CaCO3 powders, is based on its origin. It is obtained as a residue (or 
subproduct) in mining processing, so the costs associated to its production are low. Some studies using this type of 
carbonate mixtures can be found in the literature, but focused on precursor foaming (PM or FOAMCARP type) as in 
Haesche et al. (2010) and Kevorkijan (2010). 
   The thermogravimetric (TG) curves for these carbonates mixture and for pure CaCO3 are shown in Figure 1. 
The thermal decomposition of “flotation sterile” occurs from 500 to 850 ºC, between the TG curves of TiH2 and 
CaCO3, and it takes place in two steps. The first drop corresponds mainly to the decomposition of the magnesite and 
the second one to the decomposition of both magnesite and dolomite. Varying the dolomite content in the powder 
mixture, the TG curve can be displaced to higher or lower temperatures, offering further possibilities for selecting 
the right powder depending on the alloy characteristics. 
   Furthermore, decomposition of the flotation sterile directly produces both CaO and MgO, in contrast to calcium 
carbonate that only produces CaO. This offers a couple of additional advantages. On one hand, its use is not limited 
to Al-Mg alloys, something reported as necessary to ensure acceptable stability and foam efficiency when foaming 
with CaCO3 (Bryant et al. (2008)). On the other hand, the presence of two types of oxides suggests that much lower 
amount of material will be needed to reach enough stabilization. 
2.2. Foaming procedure 
The foaming tests were performed inside graphite crucibles by mixing the flotation sterile powders into 500g of 
melted AA2030 aluminium alloy at 660-680ºC. Sterile content was added from 0.7 to 5 wt.% and mixing time 
varied from 1 to 3 min, while stirring at 600rpm.  
   After mixing, the crucible was kept for some time, while the expansion process took place, and then extracted 
from the furnace and cooled down in air until solidification. 
   In the most interesting case of two-step processing, just after the first mixing, a second extra amount of 
powders was added to the melt and stirred for 30s, allowing the material to expand afterwards. In order to 
differentiate between the two possibilities mentioned, the two types of tests will be denoted as single-step and 
double-step foaming. It is important to keep in mind that the single-step foaming aims, basically, to scan the 
decomposition kinetics of this carbonates mixture. 
3. Results and discussion 
After removal from the crucible, all the samples produced were characterized in terms of their expansion 
efficiency and the density of the core part. The expansion efficiency is defined as (H-hd)/H, where H is the foam 
height and hd the by height of the un-foamed part. 
3.1. Single-step foaming 
Effect of carbonate content 
Figure 2a, 2b and 2c show the structure of foams produced after mixing different amounts of flotation sterile 
during 1 min in a single-step process. It can be observed that the expansion reached increases with the amount of 
carbonate added (Fig. 2a to 2b). In figure 3a, it can be found that efficiency has a maximum around 2.5 wt.%. For 
higher carbonate content (Fig. 2c) the foams showed excessive oxidation on the top part, affecting both the 
expansion rate and the stability (collapse). This phenomenon was also observed also during the stirring stage, where 
samples with more than 3 wt.% exhibited higher viscosity and poorer powder miscibility. Density of the foam core 
part, figure 3b, shows that it starts decreasing with the carbonate content, and for contents around 3.75 wt.% rises  
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Fig. 4. Foams produced in double-step foaming process. 
 
again due to the mentioned collapse and lower efficiency. Nevertheless in all cases the densities reached were 
similar to the ones reported by Bryant et al. (2008) when foaming with CaCO3, although in this case using lower 
concentration of carbonates and less stirring time. 
 
Effect of foaming time 
Figures 2d and 2e show the structure of 1.5wt.% samples (Fig. 2a) when they are kept for different periods inside 
the furnace. 
   First, it can be observed that the expansion rate is very low but constant, increasing expansion efficiency. This 
slow growth, caused by the progressive decomposition of the blowing agent, demonstrates the high stability that can 
be reached with just a few amount of material in comparison with CaCO3. 
   It can be also observed that the foams present an un-foamed zone, at the bottom part, of similar height in all 
cases. Drainage could be one of the causes, but also the difficulties when pushing and mixing the powders at the 
bottom, and the natural trend of carbonate powders and bubbles to rise to the top (lower density), could explain the 
similar height of the un-foamed part. Otherwise there would be higher differences among the samples (Figure 2a-
2e). On the other hand, the core density does not change significantly (figure 3b), but the pore size slowly increases 
with the foaming time. 
 
Effect of mixing time 
If mixing time is increased from 1 to 3 min the melt suffers of excessive oxidation. Thus, not significant 
expansion is obtained (figure 2f). This suggests a minimum of 3 min stirring time to stabilize the melt prior the 
addition of more carbonates in a second step. 
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3.2. Double-step foaming 
Since stirring during 3 min had ensured full carbonate decomposition and oxidation of the melt, this period was 
taken as the stirring time of the first step on the tests done by double-step foaming. In these tests the amount of 
carbonate added in each phase was varied in three different levels. Since the purpose of the second step was mainly 
the generation of foaming gas, the mixing time was reduced to 30s. This time is enough for an acceptable powder 
dispersion and prevents from excessive oxidation. The aspect of the solidified foams after keeping the sample for an 
extra minute in the furnace is shown in figure 4. In general, the foam height tends to increase with the total amount 
of carbonate in the melt. However, excessive blowing agent in second step seems to reduce the expansion efficiency 
(fig. 5a), in similarity with results observed for the single-step. This excessive addition in the second step seems also 
to increase the core density (fig. 5b), except for the 4.5 + 2.0 % sample, in which the collapse at top part during the 
foaming process does not affect significantly the final core density. 
   The heights of the un-foamed parts (hd) are slightly below the ones observed in figure 2 (single-step process) 
and do not vary significantly, except for the foams produced by lowest addition in step 1. Those samples show an 
increase of hd by a factor of when changing from 0.5 to 2.0 wt.% the powder addition in step 2. A possible 
explanation of this result could be the lower oxidation level of the melt with just 1.5 wt.% carbonate in step 1, which 
would help the mixing of the powders in step 2, subsequently promoting the bubble generation at the bottom part 
and the expansion efficiency (fig. 4 up-left). However, in that case the viscosity of the melt could not be high 
enough to slow down the drainage process, when the production of gas is higher (2.0 versus 0.5% carbonate addition 
in step 2). 
Finally, some test with the addition in step 2 of TiH2 powders (Chemetall N), instead of carbonates powders, 
were also carried out. The structure of foams produced by this way (with 1.5% carbonate addition in step 1) is 
presented in figure 6. It can be appreciated how both the expansion and its efficiency increases considerably 
compared to similar carbonate addition in the second step (left-up sample in figure 4). They exhibit similar height 
expansion –H– and core relative density values: 0.32 and 0.31 respectively, both slightly lower than the value for 
first sample in fig 4. The increase of the un-foamed part with the increase of TiH2 content (fig. 6b) supports the 
previously-mentioned idea about the low oxidation level reached after step 1 when using 1.5% carbonate. However 
when using TiH2 powder in the second step the expansion efficiency increases considerably. The better miscibility 
of the TiH2 powders in the melt and the natural tendency to sink in aluminium (due to their higher density), 
promotes the bubble generation at the bottom and explains this improvement. In particular efficiency values reached 
for these samples are: (H-hd)/H = 0.87 in case of 0.25% TiH2 foam (fig. 6a), and (H-hd)/H = 0.85 in case of 0.50% 
TiH2 foam (fig. 6b). 
 
 
 
Fig. 5. Double-step foaming samples. (a) Expansion efficiency: (H-hd)/H. (b) Relative density of the core part. 
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Fig. 6. Foams produced with TiH2 in the second-step phase (30s mixing). First step was done with 1.5 wt.% carbonates mixed during 3min. (a) 
0.25 wt. % TiH2; (b) 0.50 wt.% TiH2. 
4. Conclusions 
The foamability of an aluminium alloy by using the proposed carbonate product (a mixture of dolomite and 
magnesite powders) has been demonstrated. Regarding to the results presented, some observations can be addressed: 
• Produced samples present relative density similar to typical CaCO3 foams (between 0.15 and 0.25), but using 
much less carbonate addition and lower mixing times. 
• It is important to finely adjust the carbonate content with the stirring time, since a higher oxidation of the melt by 
using these alternative carbonates tends to hinder the foam expansion and its efficiency. 
• The foams produced seem to be rather stable in molten state, even for the lowest amounts of powder added and 
the short mixing times used 
• In addition, the trials with low amounts of TiH2 in combination with these carbonates have also shown the 
potential of these carbonates to stabilize the melt, offering new possibilities to produce aluminium foams. 
According to the intrinsic product characteristics and the results found, it seems that these low cost carbonate 
powders could be incorporated in any aluminium alloy with successful results. To evaluate the influence of other 
production parameters (dolomite content, foaming conditions, etc) further systematic investigation will be 
performed. 
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